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Description 

CONTINUOUS VACUUM CARBURIZING 

FURNACE 

Background of the Invention 
Field of the Invention 

[0001] The present invention relates to a continuous vacuum car- 
burizing furnace used for carburizing workpieces such as 
steel parts. More particularly, the invention relates to a 
continuous vacuum carburizing furnace for continuously 
performing a sequence of steps including: heating a 
workpiece; subjecting the heated workpiece to carburizing 
and diffusing processes under a reduced pressure; and 
cooling the workpiece, the furnace characterized by sup- 
pressing the production of cementite and by providing ef- 
ficient and easy control of the carburized case depth or 

surface carbon content of the workpiece. 
Description of the Related Art 

[0002] For the purpose of increasing the strength of steel parts, 



such as of low-carbon steel or low-alloy steel, it has been 
a conventional practice to subject the steel parts to the 
carburizing process for diffusing and penetrating carbon 
thereinto. 

[0003] A variety of methods are used for carburizing workpieces 
including the steel parts or the like. As one example of 
these methods, there is known one employing a continu- 
ous vacuum carburizing furnace. 

[0004] According to the prior art, the workpieces such as the 
steel parts are carburized using the continuous vacuum 
carburizing furnace as follows. As generally shown in 
Fig.l, each workpiece 1 accommodated in a basket or the 
like is introduced in turn from a load chamber 8 into a 
heating chamber 2 via a door member 3 disposed at an 
inlet of the heating chamber 2. In the heating chamber 2, 
the workpieces 1 are sequentially heated. Then, one of the 
workpieces 1 thus heated is introduced into a carburizing 
chamber 4 under a reduced pressure via a door member 
3a. A carburizing gas comprising gaseous hydrocarbon is 
fed into the carburizing chamber 4 so as to supply carbon 
to the workpiece 1 for carrying out carburization under 
the reduced pressure. Subsequently, the workpiece 1 is 
introduced into a diffusing chamber 5 under a reduced 



pressure via a door member 3b. In the diffusing chamber 
5, the carbon supplied to the workpiece 1 is allowed to 
diffuse thereinto under the reduced pressure. Thereafter, 
the workpiece 1 is introduced from the diffusing chamber 
5 into a cooling chamber 6 via a door member 3c. In the 
cooling chamber 6, the temperature of the above work- 
piece 1 is lowered. Subsequently, the workpiece 1 is in- 
troduced from the cooling chamber 6 into a quenching 
chamber 7 via a door member 3d and subjected to 
quenching. The quenched workpiece 1 is discharged via a 
door member 3e disposed at an exit of the quenching 
chamber 6. 

[0005] In a case where the workpieces 1 are carburized in this 
manner, it is necessary to vary the length of heat time 
taken by the heating chamber 2, the length of carburizing 
time taken by the carburizing chamber 4 or the length of 
diffusion time taken by the diffusing chamber 5 in order 
to control the carburized case depth or the surface carbon 
content of the workpiece 1 and also to suppress the pro- 
duction of cementite. In some cases, the heat time taken 
by the heating chamber 2, the carburizing time taken by 
the carburizing chamber 4 and the diffusion time taken by 
the diffusing chamber 5 may be varied greatly. 



[0006] However, where the heat time taken by the heating cham- 
ber 2, the carburizing time tal<en by the carburizing 
chamber 4 and the diffusion time tal<en by the diffusing 
chamber 5 are varied greatly in the aforesaid continuous 
vacuum carburizing furnace, there is a difficulty of contin- 
uously introducing the workpieces 1 into the heating 
chamber 2, the carburizing chamber 4 and the diffusing 
chamber 5 in sequence. This leads to inability to accom- 
plish an efficient carburization of the workpieces 1. 

[0007] More recently, there has been proposed an alternative 
continuous vacuum carburizing furnace including load 
chamber, heating chamber, carburizing chamber, diffus- 
ing chamber, cooling/holding chamber and quenching 
chamber, as disclosed in Japanese Unexamined Patent 
Publication No. 2002-1465 12. The furnace features a plu- 
rality of carburizing chambers, each of which is designed 
as a carburizing/diffusing chamber functioning as both 
the carburizing chamber and the diffusing chamber, and 
at least one of which is provided with a heating function 
such as to function as the heating chamber. 

[0008] In such a continuous vacuum carburizing furnace, the 

heating chamber and the individual carburizing/diffusing 
chambers are reduced in pressure so as to carry out the 



heating process, carburizing process or diffusing process 
under the reduced pressure. In the meantime, individual 
workpieces accommodated in respective baskets are se- 
quentially introduced into the respective carburizing/diffus- 
ing chambers so as to be subjected to the carburizing and 
diffusing processes. 
[0009] However, the heating chamber and the carburizing/diffus- 
ing chambers discretely maintained in the reduced pres- 
sure entail cost increase. On the other hand, it is an ex- 
tremely cumbersome and inefficient operation to open/ 
close a door member to the carburizing/diffusing cham- 
ber each time each workpiece in the basket is introduced 
into each of the carburizing/diffusing chambers in turn 
and then to subject the workpiece to the carburizing and 
diffusing processes in the respective carburizing/diffusing 

chambers. In addition, the furnace is increased in size. 
Summary of the Invention 

[0010] The invention has an object to provide a continuous vac- 
uum carburizing furnace used for carburizing the work- 
pieces, the furnace capable of suppressing the production 
of cementite and adapted for efficient and easy control of 
the carburized case depth or the surface carbon content 
of the workpiece. 



[0011] According to the invention, a continuous vacuum carbur- 
izing furnace comprises: a lieating cliamber for heating a 
workpiece under a atmospheric pressure; a first condi- 
tioning chamber in which the pressure is reduced from 
the atmospheric pressure after the receipt of the worl<- 
piece from the heating chamber; a carburizing/diffusing 
chamber receiving plural workpieces from the first condi- 
tioning chamber and conducting plural cycles of carburiz- 
ing and diffusing processes under the reduced pressure; a 
second conditioning chamber in which the reduced pres- 
sure is returned to the atmospheric pressure after the re- 
ceipt of the workpiece treated in the carburizing/diffusing 
chamber; and a cooling chamber for cooling the work- 
piece introduced from the second conditioning chamber 
under the atmospheric pressure, the furnace further com- 
prising a door member disposed between a respective ad- 
joining pair of the above chambers, the door member 
opened/closed only when the workpiece is transported 
from one chambers to another. 

[0012] In the continuous vacuum carburizing furnace of the in- 
vention, the workpiece is heated in the heating chamber 
under the atmospheric pressure, as described above. This 
negates the need for reducing the pressure in the heating 



chamber and hence, the initial and running costs are de- 
creased. 

[0013] According to the continuous vacuum carburizing furnace 
of the invention, a plural number of workpieces from the 
first conditioning chamber are received by a single car- 
burizing/diffusing chamber, wherein the carburizing and 
diffusing processes are repeated in plural cycles. Hence, 
the number of times to open/close the door member is 
decreased so as to increase the efficiency, as compared 
with the case where the door members at the plural car- 
burizing/diffusing chambers are opened/closed to se- 
quentially introduce the individual workpieces into the re- 
spective carburizing/diffusing chambers for discretely 
carrying out the carburizing and diffusing processes. Fur- 
thermore, the furnace of the invention provides an easy 
control of the carburizing and diffusing processes. 

[0014] The continuous vacuum carburizing furnace of the inven- 
tion may also be arranged such that the carburizing and 
diffusing processes are carried out in the first condition- 
ing chamber between the heating chamber and the car- 
burizing/diffusing chamber or in the second conditioning 
chamber between the carburizing/diffusing chamber and 
the cooling chamber. Such an arrangement provides an 



efficient control of tlie carburized case depth or surface 
carbon content of the worl<piece in a broader range. 
[0015] These and other objects, advantages and features of the 
invention will become apparent from the following de- 
scription thereof taken in conjunction with the accompa- 
nying drawings which illustrate specific embodiment of 

the invention. 
Brief Description of the Drawings 

[0016] Fig.l is a diagram schematically illustrating how work- 
pieces are carburized by a conventional continuous vac- 
uum carburizing furnace; and 

[0017] Fig. 2 is a diagram schematically illustrating how work- 
pieces are carburized by a continuous vacuum carburizing 

furnace according to one embodiment of the invention. 
Description of the Preferred Embodiments 

[0018] A continuous vacuum carburizing furnace according to 
one embodiment of the invention will be specifically de- 
scribed with reference to the accompanying drawings. It is 
noted that the continuous vacuum carburizing furnace ac- 
cording to the invention is not limited to the following 
embodiments but may be practiced in modification as re- 
quired so long such a modification does not depart from 



the scope of the invention. 

[0019] As shown in Fig. 2, the continuous vacuum carburizing 

furnace according to the embodiment includes: a heating 
chamber 11 for heating a worl<piece 1 under a atmo- 
spheric pressure; a first conditioning chamber 12 into 
which the workpiece 1 heated in the heating chamber 11 
is introduced; a carburizing/diffusing chamber 13 receiv- 
ing plural workpieces 1 from the first conditioning cham- 
ber 12 and conducting plural cycles of carburizing and 
diffusing processes under a reduced pressure; a second 
conditioning chamber 14 into which the workpiece 1 
treated in the carburizing/diffusing chamber 13 is intro- 
duced; and a cooling chamber 15 for cooling the work- 
piece 1 introduced from the second conditioning chamber 
14, the chambers arranged in a continuous manner. The 
furnace further includes door members 16a, 16b, 16c, 
16d disposed between the above chambers 11, 12, 13, 
14, 15 for allowing the transportation of the workpiece 1 
between the chambers. 

[0020] According to the continuous vacuum carburizing furnace 
of the embodiment, the pressure in the first conditioning 
chamber 12 is reduced after the workpiece 1 heated in the 
heating chamber 11 is introduced therein. On the other 



hand, the reduced pressure in the second conditioning 
chamber 14 is returned to the atmospheric pressure after 
the workpiece 1 treated in the carburizing/diffusing 
chamber 13 is introduced therein. 

[0021] The continuous vacuum carburizing furnace of the em- 
bodiment carburizes the worl<piece 1 as follows. Each 
workpiece 1 accommodated in a basket is introduced in 
turn from a load chamber 20 into the heating chamber 11 
via a door member 21 disposed at an inlet of the heating 
chamber 11. In the heating chamber 11, a plurality of 
workpieces 1 (3 workpieces 1 are illustrated in the figure) 
are sequentially heated to a predetermined temperature, 
or to about 950°C in general. 

[0022] Then, the door member 16a disposed between the heat- 
ing chamber 11 and the first conditioning chamber 12 is 
opened to introduce one of the workpieces 1 thus heated 
in the heating chamber 11 into the first conditioning 
chamber 12. While the workpiece 1 is maintained at the 
predetermined temperature, the pressure in the first con- 
ditioning chamber 12 is reduced from the atmospheric 
pressure to about 0.01 to 0.1 Kpa. In a case where the 
carburized case depth of the workpiece 1 is increased, a 
carburizing gas such as acetylenic gas is fed into the first 



conditioning chamber 12 under the aforesaid reduced 
pressure thereby to increase the internal pressure thereof 
to about 1.1 to 3.5 Kpa. In this state, the workpiece is 
subjected to the carburizing process for a predetermined 
period of time. Subsequently, the pressure in the first 
conditioning chamber 12 is reduced to about 0.01 to 0.1 
Kpa so as to allow the resultant carbon to diffuse into the 
workpiece 1. As required, the above operations may be 
repeated. 

[0023] Next, with the first conditioning chamber 12 maintained 
under the reduced pressure, the door member 16b be- 
tween the first conditioning chamber 12 and the carburiz- 
ing/diffusing chamber 13 is opened to introduce the 
above workpiece 1 into the carburizing/diffusing chamber 
13 under the reduced pressure of about 0.01 to 0.1 Kpa. 

[0024] While the workpiece 1 in the carburizing/diffusing cham- 
ber 13 is maintained at the predetermined temperature, 
the aforesaid carburizing gas is fed into the carburizing/dif- 
fusing chamber 13 under the reduced pressure thereby to 
increase the internal pressure thereof to about 1.1 to 3.5 
Kpa. In this state, the workpiece is subjected to the car- 
burizing process for a predetermined period of time. Sub- 
sequently, the pressure in the carburizing/diffusing 



chamber 13 is reduced to about 0.01 to 0.1 Kpa for al- 
lowing the resultant carbon to diffuse into the workpiece 
1. 

[0025] vvith the carburizing/diffusing chamber 13 maintained 
under the reduced pressure, the door member 16b be- 
tween the first conditioning chamber 12 and the carburiz- 
ing/diffusing chamber 13 is opened to introduce the suc- 
ceeding workpiece 1 from the first conditioning chamber 
into the carburizing/diffusing chamber 13. In the continu- 
ous vacuum carburizing furnace of the embodiment, the 
aforementioned operations are repeated in cycles thereby 
to accommodate 3 workpieces 1 in the carburizing/diffus- 
ing chamber 13 so that the individual workpieces 1 may 
be subjected to respectively predetermined numbers of 
carburizing and diffusing processes. 

[0026] While the workpieces 1 individually subjected to the re- 
spectively predetermined numbers of carburizing and dif- 
fusing processes are maintained at the predetermined 
temperature in the carburizing/diffusing chamber 13, the 
door member 16c between the carburizing/diffusing 
chamber 13 and the second conditioning chamber 14 is 
opened to introduce the above workpiece 1 into the sec- 
ond conditioning chamber 14 reduced in pressure to 



about 0.01 to 0.1 Kpa. Subsequently, the reduced pres- 
sure in the second conditioning chamber 14 is increased 
to the atmospheric pressure. In a case where the carbur- 
ized case depth of the above workpiece 1 is further in- 
creased, the aforesaid carburizing gas is fed into the sec- 
ond conditioning chamber 12 under the reduced pressure 
and the workpiece is subjected to the carburizing process 
for a predetermined period of time. Thereafter, the pres- 
sure in the second conditioning chamber 12 is reduced to 
allow the resultant carbon to diffuse into the workpiece 1. 
Subsequently, the reduced pressure in the second condi- 
tioning chamber 14 is increased to the atmospheric pres- 
sure. 

[0027] After the reduced pressure in the second conditioning 

chamber 14 is returned to the atmospheric pressure, the 
door member 16c between the second conditioning 
chamber 14 and the cooling chamber 15 is opened to in- 
troduce the above workpiece 1 into the cooling chamber 
15 under the atmospheric pressure. In the cooling cham- 
ber 15, the workpiece 1 at the predetermined temperature 
of about 950^ is cooled to about 850''C. 

[0028] After the workpiece 1 is cooled to about 850°C in the 

cooling chamber 15, a door member 23 disposed between 



the cooling chamber 15 and the quenching chamber 22 is 
opened to introduce the above worl<piece 1 into the 
quenching chamber 22. Then, the workpiece 1 is 
quenched in the quenching chamber 22. The quenched 
worl<piece 1 is discharged via a door member 24 disposed 
at an exit of the quenching chamber 22. 

[0029] jhe continuous vacuum carburizing furnace of the em- 
bodiment may vary the number of times to repeat the car- 
burizing and diffusing processes or the diffusion time in 
the carburizing/diffusing chamber 13, thereby accom- 
plishing both the suppressed cementite production and 
the controlled carburized case depth or surface carbon 
content of the workpiece 1. In addition, the carburizing 
process or the diffusing process may be selectively carried 
out in the first conditioning chamber 12 or the second 
conditioning chamber 14 whereby the carburized case 
depth or surface carbon content of the workpiece 1 is 
controlled in an even broader range. 

[0030] Although the present invention has been fully described 
by way of examples, it is to be noted that various changes 
and modifications will be apparent to those skilled in the 
art. 

[0031] Therefore, unless otherwise such changes and modifica- 



tions depart from the scope of the invention, they should 
be construed as being included therein. 



